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D.1  Introduction 

 
In accordance with NSTS/ISS 13830, Payload Safety Review and Data Submittal Requirements, 

the AMS-02 Project has prepared this summary of anomalies, failures and Mishaps associated 

with flight and qualification hardware.  This summary does not consider what are considered 

normal manufacturing deviations and discrepancies as failures or anomalies unless they rise to a 

clear safety impact status.  All such manufacturing discrepancies associated with the AMS-02 

Integration Hardware built and procured through Johnson Space Center are documented in the 

JSC QARC system. 

 

Similar discrepancies from international suppliers of hardware are reported along with anomalies 

and failures to the AMS-02 Project Office, but only the anomalies and failures are recorded. 

 

D.2 Significant Events 

 
No. ID Title Status 

1. AMS-02-A01 HV Board Interconnect Failure. Closed 

2. AMS-02-A02 Uninterruptible Power Supply FET Cracked Closed 

3. AMS-02-A03 Improper Torquing of ECAL Fasteners Closed 

4. AMS-02-A04 Anomaly of Thermal Conductor of AMS Internal Tracker Closed 

5. AMS-02-A05 Cryomagnet Arcing Discharge During Initial Ground 

Testing 

Closed 

6. AMS-02-A06 Magnet did not reach design maximum field during 

qualification testing 

Closed 

7. AMS-02-A07 STE wiring disconnected during magnet qualification test Closed 

8. AMS-02-A08 Failure Anomaly Report for DALLAS Temperature 

Sensors (DTS) in TRD-GAS Box-C Canister 

Closed 

9. AMS-02-A09 Cryomagnet/Vacuum Case Burst Disk Post Vibration Test 

Anomaly 

Closed 

10. AMS-02-A10 AMS-02 Super Fluid Helium Tank BD03 Duct Excessive 

Thermal Conductance 

Closed 

11. AMS-02-A11 Battery Box Fire Closed 

12. AMS-02-A12 Battery Cell Under Voltage Closed 

13. AMS-02-A13 Excessive Helium Consumption in Pilot Valves to Cold 

Weka Valves 

 

14. AMS-02-A14 Unreliable Cryosystem Pressure Sensors Closed 

15. AMS-02-A15 DDRS-02 Error during EMI Testing Closed 

16. AMS-02-A16 Leakage of Explosively Bonded Bimetallic Joint in 

Cryosystem 

Closed 

17. AMS-02-A17 Warm Helium Gas Supply Regulator Divergence Closed 

18. AMS-02-A18 Bubbles in Radiator Heaters  

19 AMS-02-A19 Cleanliness of inside of the Superfluid Helium Tank Closed 

20. AMS-02-A20 Deviation from documented procedure for Installation of 

MLI Pins 

Closed 



JSC 49978B 

D-3 

1.  AMS-02-A01 – HV Board Interconnect Failure. 

 

Description of Event:  During thermal cycle testing high voltage electronics associated with the 

ECAL, RICH and TOF High Voltage power supplies experienced channel failures.  Subsequent 

investigation indicated that during thermal cycling testing the straight forked pins that 

inteconnect the 16 mini-boards of the linear regulator were shown to have experienced thermally 

induced stresses that broke the solder connection.  These thermal stresses were induced between 

the solder joint and the resin of the boards. 

 

Corrective Action:  The straight forked pins interconnecting between the 16 mini-boards were 

replaced in a test configuration and qualification unit 2 with reshaped pins that provide a strain 

relief function that the straight pins could not provide. A test board has been constructed and 

tested at CAEN as follows:  1) burn-in for 8 hours with a temperature of 70ºC ;  2) thermo-

vacuum test with pressure of 0.1mBar, verifying the absence of discharges ;  3) thermal cycles 

(10 cycles in total between -30 ºC and +70 ºC, with a ramp-up rate of 4 ºC /min, down-ramp rate 

of 2 ºC /min and time of permanence at each temperature of 1 hour).  At the end of each cycle, 

all the channels were inspected. No problem was observed.  

 

Safety Impact:  The loss of the high voltage sources within the RICH, ECAL and TOF would 

have had a significant impact on the science objectives of the AMS-02, but no significant impact 

to safety.  Flight bricks will be fully potted, and the separation of the of the solder joint would 

not have created a sparking/ignition source concern or coronal discharge source.  At worst this 

failure may have manifested as an increase in EMI noise because of intermittent contact and 

operation.  This failure/anomaly has been classified as NON SAFETY CRITICAL. 

 

Status:  Closed 

 

SUPPORTING DOCUMENTATION: (follows) 
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AMS-note        2005-09-02 

 

Modifications of ECAL, RICH and TOF High Voltage 

Power Supply QM design  
 

Marco Incagli – INFN Pisa 
 

5 september 2005 

 

 

This note describes the modifications applied to the QM2 version of the High Voltage Power 

Supply (brick), to be used by ECAL, RICH and TOF subdetectors. The modifications became 

necessaries in front of failures registered during thermal tests performed both by the supplying 

company (CAEN - Italy) and by the INFN-Pisa, responsible of the ECAL subdetector 

construction. 

In this note we report (1) how the QM1 was constructed, (2) the failures observed, (3) the 

new design of the QM2 and the status of the tests necessary to validate the new design. 

 

 

1 – Construction of QM1 
 

The AMS brick is described in AMS note 2005-09-01 .  

In short, it is a modular structure providing the High Voltage (from 0.5kV up to 2.5kV) for 

the readout Photomultipliers (PMTs) used by the three subdetectors. 

Three main components characterize the brick: 

1. Controller Board communicating with the AMS electronics through the LeCroy slow 

control protocol and providing the low voltages to the DC/DC converters ; 

2. DC/DC Converter generating the HV (up to 2.5 kV) from the 28V supplied by the 

International Space Station ; 

3. Linear Regulators regulating the output voltage to the PMTs with a precision of 

∆V/1024, where ∆V is the operative range of the readout . 

The number of DC/DC convertors and Linear Regulators is different for the three 

subdetectors, as reported in AMS note 2005-09-01 . 

The Linear Regulator consists of a main board, with approximate dimensions 5×20 cm
2
, on 

which 16 mini boards, actually performing the HV regulation for each channel, are soldered in 

the vertical position (see picture 1). The soldering is done through fork pins which are shown in 

figure 2.  

In the QM1, the fork pins had a straight shape, so that no strain relief was foreseen. 

After soldering the 16 mini boards, all the Linear Regulator is filled with resin, both to limit 

discharges and to mechanically protect the electrical components.  

 

 

2 – Tests done on QM1 
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The different parts of two brick for ECAL and TOF subdetectors were mounted, and tested at 

CAEN and at INFN Pisa (ECAL brick, only). After thermal cycles between -20
o
C and +70

o
C 

(and after some trips from Pisa to CERN!) the two HV modules showed some malfunctioning 

channels.  

To investigate the problem, the TOF brick was dismounted and the Linear Regulators were 

carefully inspected. As a result, some of the SMD soldering of the straight pins were found to be 

broken, as shown in figure 3. According to CAEN, the failures were due to different thermal 

coefficient between resin and soldering material, generating a stress able to cause the connection 

rupture.  

To solve the problem, CAEN suggested to modify the pin shape. 

 

 

3 – Modifications on the design and tests on QM2 
 

The CAEN proposal for the new pin shape is shown in figures 4 and 5. With this new shape, 

the pins should act as a strain relief and decrease the stress generated on the soldering pads by 

the thermal expansion. 

A test board has been constructed and tested at CAEN as follows: 

1. burn-in for 8 hours with a temperature of 70
o
C ; 

2. thermo-vacuum test with pressure of 0.1mBar, verifying the absence of discharges ; 

3. thermal cycles (10 cycles in total between -30
o
C and +70

o
C, with a ramp-up rate of 

4
o
C/min, down-ramp rate of 2

o
C/min and time of permanence at each temperature of 

1 hour). 

At the end of each cycle, all the channels were inspected. No problem was observed. 

After these tests, a QM2 brick module, with 5 Linear Regulator boards and 1 DC/DC 

converter, was built to be tested by the RICH and ECAL groups. The tests will be performed in 

September 2005. Results will be reported in a following note. 
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SOLDER THREAD 

 
 

Picture 1 – side view of TOF Linear Regulator. 

 

 

 
 

 
 

Picture 2 – View of the single regulator mini board with closeup of the straight pins used used 

for the soldering of this component with the Linear Regulator main board. 
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\

 
 

  
 

Figure 3 – Pictures of the pads where the fork pins were soldered. 

 

  

Figure 11 – New mini board with preformed pins(left). New shape of fork pins (right). 
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PREFORMED TIN THREAD 

Figure 5 

– QM2 test board. Also the interconnection thread has been preformed.  
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2.  AMS-02-A02 – Uninterruptible Power Supply FET Cracked 

 

Description of Event:  During the final system testing of the full electronics assembly at Eaves 

Devices, the last board (5
th
 out of 5) tested failed the current interruption test (support 77A for 360ms to 

1500ms). Upon examination of the board, it was discovered that the FET was cracked under the 
compression bar holding it in contact with the heat sink. These cracks apparently shorted the device, 
causing it to fail under high current. As shown in the attached pictures, the FET (located in the front right 
of the AMS BMS picture, near all the big red wires) has a compression bar over the top of it, holding it in 
contact with two layers of SIL-PAD and an aluminum heat sink. Per Eaves Devices assembly procedures, 
the screws on this compression bar are only torqued to 6 in-lbs.  
 
Further examination of the other 4 boards revealed that the FETs in those boards showed signs of 
cracking, but had not failed any testing. 
 
The FET on the failed board was removed and an industrial version of the FET was put in place to test 
the rest of the circuitry and confirm that no other damage had been done. All circuits performed normally. 
 

 

 

 

Corrective Action:  Compression bar was eliminated from the design an a thermally conductive 

adhesive was used.  Material usage was approved by JSC Materials.  Thermal performance and 

board function were retested and found acceptable.   

 

Safety Impact:  The FET was functioning in a critical battery protection function, protecting the 

system against external shorts.  Corrective actions were essential in maintaining system safety. 

 

Status:  Closed 
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3.  AMS-02-A03 – Improper Torquing of ECAL Fasteners 

 

Description of Event:  The torques specified and used in the assembly of the ECAL were for a 

dry installed fastener interface.  Dry install torques are higher than lubricated install torques due 

to the need to overcome the higher coefficient of friction of bare metal to metal contact.  All of 

the structural inserts and nuts used to assembly the ECAL have a dry film lubricant coating that 

acts to reduce the friction of the fasteners during installation.  Margins of safety for the ECAL 

fasteners were recalculated using the torques called out in the assembly process with a lubricated 

interface.  The analysis results showed that possible yielding had occurred during the installation 

of the fasteners.  

 

Corrective Action:  All of the structural fasteners that showed negative margins of safety have 

been either be removed, inspected and reinstalled or be replaced with new fastener and preloaded 

to torques specified according the latest analysis results.  Drawings/installation instructions 

indicating the dry insertion torques have been corrected to reflect correct lubricated values.  

Structural margins have been confirmed to be positive after rework. 

 

Safety Impact:  The ECAL bolts improperly installed failed to have sufficient structural margin, 

making this assembly error SAFETY CRITICAL.  Corrective actions were witnessed to confirm 

full compliance and to assure positive margins were regained. 

 

Status:  Closed 
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4.  AMS-02-A04 – Anomaly of Thermal Conductor of AMS Internal Tracker 

 

Description of Event:  During assembly copper braids used as thermal conductors were 

observed as having broken wire elements after undergoing in situ compression (a required 

process).  None were found to be loose, but separated. 

 

Corrective Action:  Heat shrink tubing implemented over braids to contain any possible 

fragments.  Fragment generation unlikely as copper conductors were only broken on one side 

and still retained on the other.  Additional containment within tracker is provided by mesh filters 

at light tight vents. 

 

Safety Impact:  There was a potential of generating small debris that was electrically 

conductive.  While this is not a concern beyond mission success for the Tracker, the loose wire 

fragments co-orbiting with the ISS was undesirable.  The safety assessment considered this 

Safety Critical, and design features in place and corrective procedures were deemed adequate to 

protect against this remote hazard. 

 

Status:  Closed 

 

SUPPORTING DOCUMENTATION: (follows) 
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5.  AMS-02-A05 – Cryomagnet Arcing Discharge During Initial Ground Testing 

 

Description of Event:  During initial charging during pre-integration testing in a ground dewar 

assembly, the flight Cryomagnet experienced an electrical discharge exterior to its inductive 

coils that damaged circuit boards and structural cables.  The cause of this event was an 

incomplete evacuation of the helium that the coils had been immersed in as part of the cool down 

procedure (not done in the flight configuration).  The easily ionized residual helium allowed a 

corona discharge to form and carry the stored power of the superconducting magnet from the 

initiation point on a sensing circuit board to the grounding structure. 

 

Corrective Action:  1) Ground dewar for containing the AMS-02 Cryomagnet was repaired to 

eliminate vacuum leaks that precluded total evacuation of helium gas.   

 

2) Cryomagnet was carefully inspected to establish complete damage assessment of structural 

cables.   

 

3) Damaged cables were carefully examined to establish the remaining number of strands at each 

damage location.  Cables were “locked” with wedges and adhesive to preclude any single section 

of cable structural integrity loss would be isolated.  Testing confirmed adequacy of design.  

Worst location received additional load sharing with plates and rods to offset loads. 

 

4) Damaged cable sections were saturated with epoxy and wrapped with glass take to strengthen 

interstrand strength and preclude any “unwravelling.” 

 

5) Damaged Circuit boards were replaced. 

 

6)  Cryomagnet was energized and found to successful withstand magnetic field loading (the 

worst case structural loading on the damaged cables.) 

 

Safety Impact:  The damage to the structural cables that keep the magnetic coils structurally 

sound during the loading of the Cryomagnet’s magnetic field is a significant safety concern.  

Analyses and the testing program for the corrective action showed that there was no significant 

reduction in load carrying capabilities and pose no threat to either the Shuttle or the ISS. 

 

Status:  Closed 

 

SUPPORTING DOCUMENTATION: (follows) 
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6.  AMS-02-A06 – Magnet did not reach design maximum field during qualification testing 

 

Description of Event:  During the magnet qualification testing, the team was unable to reach to 

full design current due to differences between the test configuration and the flight configuration.  

The magnet will never be run at a current higher than was tested on the ground.  The magnet 

qualification testing included several current ramp-ups.  During these tests, it is expected that the 

superconducting magnets will experience training quenches.  The maximum design current is 

459 Amps.   While performing tests to reach this design current level, the magnet quenched at 

411 Amps.  During the next test, the magnet quenched at 408 Amps.  Although it was originally 

believed that these quenches were training quenches, it was later determined that these quenches 

were caused by a thermal effect to do with the interaction of the persistent switch with the 

helium-filled cooling loop.  This interaction is ramp-rate dependent, which means that it would 

probably be possible to reach higher currents in the magnet by charging more slowly.  In 

principle, given enough time and schedule, the magnet could have been tested to a higher level.  

However given time and budget constraints, a decision was made to perform the final test to only 

390 Amps in the Magnet Assembly Test Rig.  A test to a higher value is still possible in the 

flight configuration, but a decision has not been made yet as to whether or not this additional 

testing will be performed.  Trying to reach higher field in the flight cryostat carries a risk of 

bursting a burst disc, so the number of quenches should be minimized if possible. 

 

Corrective Action:  Utilize the magnet with a new current limit of only 424 Amps.  This is 

acceptable for science, and minimizes the risk to damaging the flight system.  A simple change 

of the ramp rate in the flight system, along with some minor movements of the cooling loop 

versus the current leads will minimize the risk of these same kind of thermal effect quenches 

occurring on the flight magnet.  Additional tests will be performed on the flight magnet to ensure 

that it reaches the new full field without quenches. 

 

Safety Impact:  None.  The magnet will be run at a field below the level that we have analyzed 

for safety.  Structural qualifications, which originally were to use a magnetic field induced load 

to test the structure to demonstrate margin has been shown to be good by analysis to a FOS of 

2.0.  This analytic approach has been coordinated and approved by the SWG. 

 

Status:  Closed 

 

SUPPORTING DOCUMENTATION: (none) 
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7.  AMS-02-A07 – STE wiring disconnected during magnet qualification test 

 

Description of Event:  Prior to completing the assembly of the AMS Superconducting magnet, 

the magnet assembly was tested in a Magnet Assembly Test Rig.  During this testing, several 

Special Test Equipment heaters were added to the magnet.  These heaters were used to 

intentionally induce a quench in the magnet coils.  Essentially, they were put in place to mimic 

the flight quench protection heaters or a random quench.  The wiring for these heaters, which 

was also STE, was not adequately held in place to prevent movement during a quench.  

Essentially, the wires were bundled together with Kapton tape only (Figures 1 and 2).  At the 

operating temperature of 1.8 Kelvin, the adhesive on the Kapton tape was not adequate to hold 

the wires together.  During a magnet quench several of the wires experienced loads induced by 

the rapidly changing magnetic fields.  These loads moved and pulled some of these wires out of 

the STE circuit board or the heater (Figure 3).  The result of this was that several of the test 

necessary heaters to ensure no damage is done to the magnet were not functioning and the test 

had to be abandoned. 

 

 
Figure 1:  Test Wiring Before Magnet Testing 
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Figure 2:  Close-up of Test Wiring Before Magnet Testing 

 

 
Figure 3:  Test Wiring After Magnet Testing 

 

 

 

Corrective Action:  Flight systems were not directly impacted by this event, however actions 

were taken to assure that all wiring for the flight system has adequate restraints to prevent 

movement and pull-out of necessary electronic equipment and wiring. 
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Safety Impact:  None.  Even in the event that the quench protection system does not fire the 

quench protection heaters, any ‘damage’ to the magnet is not a safety concern.  The tiny 

movements could be a concern for the mission success of the magnet, but pose no danger. 

 

Status:  Closed 

 

SUPPORTING DOCUMENTATION: (None) 
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8.  AMS-02-A08 – Failure Anomaly Report for DALLAS Temperature Sensors (DTS) in 

TRD-GAS Box-C Canister 

 

Description of Event:  Non functional DTS were observed when testing on Aug.15th 2007, 

before the welding of TRD-GAS Box-C Canister. Upon investigation it was determined that the 

supply voltage had been applied to the sensor with reversed polarity due to wrong Box-C 

canister internal cabling documentation.   

 

Corrective Action:  The DTS were replaced as they had been used out of the manufacturer’s 

Absolute Maximum Rating (by applying reversed power which is limited in the manufacturer’s 

specification to -0.5 V) and all documentation was corrected to note the correct polarization.  

Wiring corrected all DTS sensors worked per design. 

 

Safety Impact:  None.  The DTS system is used to health maintenance and system performance, 

not safety. 

 

Status:  Closed 

 

SUPPORTING DOCUMENTATION: (None) 
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9.  AMS-02-A09 – Cryomagnet/Vacuum Case Burst Disk Post Vibration Test Anomaly 

 

Description of Event:  During post vibration testing, the burst disk assembly (of three series 

burst disks) was pressure tested to assure that it’s performance met standards, that is that with the 

application of pressure in excess of the rupture value the sequence of burst disks would rupture 

allowing for venting.  During testing the first (closes to pressure source) burst disk ruptures 

properly, but the second burst disk only partially opened, the third remained entirely intact.  This 

effect was repeated on subsequent testing.  Additional testing led to the understanding that the 

large low pressure burst disk was responding to a low energy shock wave that had sufficient 

pressure to begin a rupture, but insufficient energy to complete the rupture of the second burst 

disk.  This phenomena appeared to be design specific, as it was no duplicated when the first burst 

disk was removed the second and third burst disks opened properly.  The AMS-02 Project sent a 

request to the PSRP to establish if the triple burst disk design imposed at the AMS-02 Phase I 

Flight Safety Review was properly applied to the vacuum case burst disk configuration.  With 

the PSRP representative’s concurrence AMS-02 is proceeding with a revised design that utilizes 

a pair of burst disks in series not three.   

 

Corrective Action:  Fike is redesigning the entire vacuum case burst disk assembly using the 

lessons learned from this unique phenomena and configuration and will be re-qualifying the 

design. 

 

Corrective Action of AMS-02-A09 is linked to Corrective Action to AMS-02-A10. 

 

Safety Impact:  An improperly functioning burst disk assembly could allow pressure to rise in 

the vacuum case in the event of a Helium tank rupture that leads to pressure build up in the 

vacuum case.  This makes this a Safety Critical anomaly and the revised system will undergo all 

appropriate qualification testing. 

 

Status:  Closed.  See AMS-02-A10 

 

SUPPORTING DOCUMENTATION: (follows) 
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9.  AMS-02-A10 – AMS-02 Super Fluid Helium Tank BD03 Duct Excessive Thermal 

Conductance 

 

Description of Event:  During developmental work on the flight hardware for the duct that takes 

any released gas/liquid from the BD03 (3 bar) on the superfluid helium (SFHe) tank to the 

BD06A-B (2, 3 bar) in the port of the vacuum case, the thermal conductivity and inability to 

block heat radiation of the fiberglass duct was found to be unacceptable and work to develop an 

alternative means of conducting effluence from the SFHe Tank through to the exterior of the 

AMS-02. 

 

During development a collapsed Kapton tube was developed and tested to substitute, this tub 

could be “pinched” to eliminate radiation cooling and the thermal conductivity was acceptable. 

 

Testing had proceeded with a “fast” valve substituting for the BD03 element, and the activation 

time for this valve was ~200 milliseconds.   

 

Testing with an actual burst disk however yielded unexpected results in the test setup.  The tube 

was ruptured unexpectedly. 

 

Burst disk pressurization does not take place over ~200 milliseconds, but ~ 4 milliseconds, 

creating a more distinct pressure wave that the tube had to endure. 

 

Additionally for the only time in testing of the BD03 design, the membrane detached from the 

burst disk. 

 

It is not established if the pressure spike or the travel of the membrane through the fabric tube 

was the specific cause of the dissolution of the tube’s integrity.  The tube’s design was rejected 

and a new “telescoping” fiberglass design was created with additional super insulation and a 

aluminum “petal” shield for heat radiation blocking.  The term “telescoping” refers to the 

method of installation, not operation of the tube. 

 

The disconnection of the membrane from the burst disk has been attributed to a design error in 

the test set up where the tube immediately downstream of the burst disk was smaller than 

specification from the BD manufacturer.  This provided a fulcrum by which the membrane was 

left in the gas flow, the curving surface enhancing the “tear” through the hinge area of the 

membrane.   

 

Corrective Action:   
 

The Tube from BD03 has been redesigned to have sufficient static and dynamic pressure loading 

characteristics and sized to not induce severing of the burst disk membrane.  Rather than exiting 

through a single BD on the vacuum case ring, it will now exist through two four inch burst disks 

that will open at 0.8 bar, the same as the vacuum case pressure relief.  This is accomplished by 

turning the prior evacuation port for the duct into another burst disk location and making the duct 

“leaky” so that during vacuum case evacuation, the tube is evacuated as well. 
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This design change also removes the “layers” of serial burst disks as being more reliable in 

providing overpressurization protection as discovered in response to AMS-02-A09.  A single 0.8 

bar burst disk now exits at each of the BD06 ports and the BD07 port that is dedicated to 

protecting the overpressurization of the vacuum case.  This design change was presented to the 

PSRP at a technical interchange meeting on August 13, 2009 and the design modification 

accepted by the PSRP. 

 

Safety Impact:   
 

The pressure relief system has been revised to be more reliable, provide additional venting area 

for the SFHe tank and reduce the thermal conductivity into the SFHe tank increasing the 

longevity of the AMS-02 Mission.  While the latter is mission success, the former is clearly 

safety related making this anomaly safety critical. 

 

Status:  Closed, final testing of new design of BD03/BD06 duct and burst disk design completed 

at Texas A&M University successfully. 

 

SUPPORTING DOCUMENTATION: (follows) 
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11.  AMS-02-A11 – Fire in AMS-02 Battery Box During Ground Testing 

 

Description of Event:   
During testing, November 2006, of the AMS-02 Uninterruptible Power Supply (UPS) 

Engineering Development Unit at CSIST (Chung-shan Institute of Science and Technology) the 

battery assembly experienced a thermal runaway that resulted in a aggressive fire event that 

destroyed the UPS assembly. 

 

 
Figure 11.1 – Engineering Development Unit (EDU) UPS after fire event. 

 

Corrective Action:  Upon review of the SYSU test set up and procedures, it was established that 

the charging system had not implemented the required controls to limit current or monitor battery 

performance that would have been enacted to compensate for the cell failure observed.  Also at 

the time of the testing event, the testing engineers were absent.  All remaining UPS units were 

returned to Yardney, the manufacturer of the cells and testing resumed at that location.  See 

AMS-02-A12 for performance issues with remaining UPSs. 

 

Safety Impact:  Significant.  The fire in a battery system that was designed to preclude such an 

event was taken as a significant safety event.  It was not until it was established that the testing 

set up and process was not implemented in such a way to make use of the design features and the 

established protection protocols, that the battery design was eliminated as a cause of the fire.  

While the cell partial short was an anomaly in the cell, the BMS design within the UPS will 

detect and isolate this problem.  The test configuration could not. 
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Status:  Closed.  Testing resumed in a new laboratory.  See AMS-02-A12. 

 

SUPPORTING DOCUMENTATION: (follows) 

 

 

 
Figure 11-2  Performance Testing of UPS. 

 

Notes of event: 

EM UPS Testing 

 
1. EM UPS was charged at 3 Amp constant current with Maccor S4000 

Battery Tester for 43 minutes (Graph 1). After 12 hours Open Circuit, EM 
was charge/discharge/charge one cycle at 3 Amps (Graph 2). Battery 
Capacity is about 3 Amps x 3 hour=9 Amp-hrs. 

2.  EM was charged at 5.6 Amps for only 1.3 minutes (Graph 3) and 
stopped for take movie of EM UPS Testing. 

3. EM was charged at 5.6 Amps for about 0.3 minutes then EM was 
charged at constant voltage for about 7 hours (Graph 4). We try to 
execute 4.1 Performance Test. 

4. EM Battery had encountered partial short at about 1.9 hours (about 0.4 
volts drift) and 6.9 hours (about 2 volts drift). After that battery voltage 
had been dropped to zero volts and the charge current had been 
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increased to 50 Amps to compensate the voltage setting of 32.8V during 
constant voltage charge. The maximum charging current of Maccor 
S4000 Battery Tester is 50 Amps. 

5.  BMS charge enable signal was not implemented as an operational 
control.  The charge enable signal from the BMS can not be used as an 
inhibitor or a disable for the External protection box we try to bought.  

6.  Parts of the top cover of UPS BOX had been melted due to high 
temperature (1759.0 deg. C) generated by battery short. J1 / J2 and two 
Test Connectors are all damaged. The equipment involved in this UPS 
EM charge failure event has not been tested or serviced following the 
event. 
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Graph 1: EDU was charged at 3 Amps for about 43 minutes. 
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Graph 2: Open circuit for 12 hours then EM was charge/discharge/charge at 3 Amps. 
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Graph 3: EM was charged at 5.6 Amps for about 1.3 minutes. 
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Graph 4: EM was charged at 5.6 Amps for about 0.3 minutes then EM was charged 

at constant voltage for about 7 hours. 
 
 

7. Unfortunately, only individual cell data of Graph 4 (attached) was taken 
by Digital Recorder (Accuracy is ±0.01% of reading) due to restriction of 
the Recorder memory. Voltages of Cell 1 to Cell 8 are cited in Graph 5. 
At 15:53:02, voltage of Cell # 7 is -0.136 V and voltages of Cell # 2/#3 
are3.801/3.450 V. The battery was not well balanced after 1st 
charge/discharge/charge cycle. Voltage of Cell # 7 was below 1 volt 
during the Constant Voltage charging period. Voltages of the health 
Cells #1/4/5/6/8 are above 4.67 V at 16:41:04. 

8. At 23:22:58 Voltage of Cell #5 was 5.011 V. At 23:27:14 Voltage of Cell 
#5 was 5.850 V. 

9. At 23:35:28,  V5 dropped from 5.521 to -0.077 V; V3 dropped from 3.899 

to 0.479 V; V7 dropped from 0.067 to-1.070 V. 
10. At 23:43:08 all cells went to zero or negative volts and the temperature 

at cell #5 was 1759.0 deg. C. 
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Graph 5: Voltage of Cell 1 to Cell 8 
 

 

Time 

 

V V1 V2 V3 V4 V5 V6 V7 V8 

 

T4 

 

 

15:53:02 

 

29.02 4.342 3.801 3.450 4.300 4.340 4.367 -0.136 4.318 

 

23.5 

 

 

16:41:04 

 

32.15 4.706 3.875 3.574 4.675 4.681 4.679 1.006 4.681 

 

25.9 

 

 
23:27:1
4 
 

31.95 4.436 4.328 3.947 4.397 5.850 4.326 0.087 4.387 28.5 

 
23:35:2
6 
 

30.34 4.353 4.285 3.889 4.390 5.521 4.786 0.067 4.301 27.6 

23:35:28 27.77 3.716 3.130 0.479 4.466 -0.077 4.806 -1.070 4.040 28.3 

23:35:30 -0.83 -3.432 -0.830 -0.518 0.596 
#####

### 
-1.660 -1.550 -0.674 50.4 

 

23:43:08 

 

0.26 0.136 0.098 0.013 -0.261 0.435 0.029 -0.353 -0.047 

 

1759.0 
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12.  AMS-02-A12 – UPS Battery Cell Undervoltage 

 

Description of Event:  During UPS level testing at Yardney, the battery cell manufacturer, it 

was discovered that some cells in all 4 UPSs exhibited low charge voltages and higher than 

normal discharge rates.  This was seen after the UPSs had been returned from Taiwan (SYSU) 

due to other testing process related issues (See AMS-02-A11).  It is assumed that the cells 

suffered damage due to improper handling and storage while in the care of SYSU. 

 

Corrective Action:  The UPSs were tested and the cells within were attempted to be recovered 

through conditioning, successfully recovering the performance specifications of some cells.  

However there were sufficient “bad” and weak cells that it was decided that the UPS compliment 

of cells needed to be reorganized.  The UPSs were disassembled at Yardney and from all of the 

remaining “good” cells the cell manufacturer assembled two units for further use at CERN 

during integration and testing.  It was decided that, since there were not enough “good” cells to 

populate a set of flight spares, Yardney would remanufacture sufficient new cells to populate 4 

UPSs (2 Flight, 2 Flight Spare).  These cells were to be identical to the existing cells and undergo 

limited testing, including PHYSICAL AND ELECTROCHEMICAL CHARACTERISTICS, 

FLIGHT SCREENING OF CELLS, TVT .and Vibe Testing. 

 

Safety Impact:  None.  The original UPSs were tested and shown to have sufficient power with 

a small margin to accomplish the Watch Dog Timer function that they are provided for, to power 

a controlled ramp down of the AMS-02 Cryomagnet’s power in the even that power or 

communications are lost from the ISS for a period in excess of 8 hours.  As the true source of the 

diminished cells was not established, it was unsure how the performance over time would be for 

the UPSs with the “bad” cells.  So new cells with full performance compliance were desired so 

that the original design’s margin was restored. 

 

Status:  Closed.  Cell testing is complete and the Flight and Spare UPSs are under construction. 

 

SUPPORTING DOCUMENTATION: (follows) 
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13.  AMS-02-A13 – Excessive Helium Consumption in Pilot Valves to Cold Weka Valves 

 

Description of Event:  During initial cryogenic testing of the AMS Cryosystem and Magnet at 

CERN, the original Hoerbinger pilot valves installed to actuate the AMS cold and warm Weka 

valves were found to use excessive amounts of helium. 

 

Corrective Action:  A market search was conducted and Clippard valves were chosen to replace 

the Hoerbinger valves.  Pressure, leak, thermal, EMI, vibration, and magnetic field testing was 

conducted to assure the new valves were suitable.  A new Pilot Valve Vacuum Vessel (PVVV) 

housing the new Clippard valves was developed.  A new electrical interface to the Cryomagnet 

Avionics Box (CAB), modified electrical harnesses, piping manifolds, and brackets for 

connecting and mounting the pilot valves were also developed.  These components all meet the 

same design requirements as the originals. 

 

Safety Impact:  None, this only had a potential impact on mission success based on rate of 

warm helium consumption. 

 

Status:  Closed 

 

SUPPORTING DOCUMENTATION: (follows) 
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14.  AMS-02-A14 – Unreliable Cryosystem Pressure Sensors 

 

Description of Event:  During initial cryogenic testing of the Cryosystem and magnet at CERN, 

the temperature and pressure readings were found to be inconsistent.  Research indicated that the 

leads of the pressure sensors were significantly effected by the temperature, creating variences in 

the resistance of the lead wires so that depending on the temperature of the sensor, there was an 

offset imposed. 

 

Corrective Action:  It was established that the temperatures sensors were far more effective than 

low pressure sensors for determining the health and pressure of the Superfluid helium dewar.  

Nominally the pressure of the tank is at or near vacuum, so pressure variances are small and 

temperature was more accurate, even as pressure elevated. 

 

Safety Impact:  Minimal, pressure sensors are not used to monitor the trends of the Cryosystem, 

multiple temperature exclusively is used. 

 

Status:  Closed. 

 

SUPPORTING DOCUMENTATION: (follows) 

None
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15.  AMS-02-A15 – DDRS-02 Error during EMI Testing 

 

Description of Event:  DDRS-02 USB RS422 Assembly malfunctioned and was non functional 

during the 180.8 – 192.0 MHz section of the RS103 radiated electrical field testing in JSC 

Building 14 EMI chamber.  The purpose of the test was to establish if a susceptibility in the 

DDRS-02 hardware would propagate and damage the GFE A31p laptop.  After the exposure the 

USB RS422 was properly recognized and functioning, having recovered all function.  There was 

no threat at any time to the GFE hardware. 

 

Corrective Action:  Deviation was made to test setup to re-perform a portion of the RS testing 

in which the EUT was susceptible. In original test configuration, EUT was not fully concealed 

(not grounded, acted as aerials). Connections TXD, RXD, TXC and RXC were left open and 

created a path for radiated electric field to enter enclosure.  In deviation configuration, loopback 

cables were connected from TXD to RXD and TXC to RXC.  Under retest the DDRS-02 USN 

RS422 Assembly passed the previously failed range. 

 

Safety Impact:  None 

 

Status:  Closed 

 

SUPPORTING DOCUMENTATION: (follows) 

None – EMI testing report on file.



JSC 49978B 

D-75 

16.  AMS-02-A16 – Leakage of Explosively Bonded Bimetallic Joint in Cryosystem 

 

Description of Event:  The AMS-02 Main Helium Tank has four plumbing feedthroughs which 

contain an explosively-bonded bimetallic joint to connect the steel plumbing lines with the 

aluminum tank.  These joints were all tested as individual units and found to be leak-tight.  After 

the units were welded into the helium tank, two of the four units were found to have developed 

leaks during integrated tank testing at Hans Bieri Engineering.  The most likely cause of the new 

leaks was overheating of the bimetallic joint during welding operations. 

 

Corrective Action:  The two leaking units were removed and two replacement units fabricated 

and retested.  The welding procedure was revised to include additional levels of thermal 

protection to limit the heat rise at the joint itself.  After installation, both replacement units were 

retested and found to be leak tight. 

 

Safety Impact:  Leakage into the interior of the Vacuum case would have been detected long 

before AMS-02 integration would have progressed on the ground, there is no safety impact with 

the corrective action in place. 

 

Status:  Closed. 

 

SUPPORTING DOCUMENTATION: (follows) 

 
Figure A16-1 Replaced Bimetallic Joint in Place. 
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17.  AMS-02-A17 – Warm Helium Gas Supply Regulator Divergence 

 

Description of Event:  During operations at CERN, the Warm Helium Gas Supply pressure 

regulator was found to diverge from it’s nominal setting of 6 bar to a consistent 6.9 bar. 

 

Corrective Action:  The nominal operating pressure of the system has increased slightly, but the 

MDP (8 bar) of the Warm Helium Gas Supply low pressure side (regulated by the anomalous 

device) is actually set by pressure relief valves set to open at 7.5 bar (8 bar full flow).  The 

consistency of the regulator in operations has shown that while the value is an excursion, it does 

not impact the operation or the safety of the Warm Helium Gas Supply. 

 

Safety Impact:  None-  MDP remains consistent and the operating pressure increases slightly. 

 

Status:  Closed. 

 

SUPPORTING DOCUMENTATION: (follows) 

Figure A17-1  Warm Helium Gas Supply (Blue Circle indicates anomalous regulator) 
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18.  AMS-02-A18 – Bubbles in Radiator Heaters 

 

Description of Event:  Post-installation inspection of heaters mounted on the back of the Main 

and Tracker Radiators revealed several small bubbles.  Though few and small, these bubbles 

could possibly lead to localized debonding and overheating of the Kapton foil heaters and 

eventually heater failure. 

 

Corrective Action:  All Kapton foil heaters on the Main and Tracker Radiators were covered 

with an aluminum tape, which will spread the heat evenly and eliminate any localized hot spots 

on the heater. In addition, the tape provides additional attachment to the radiator, reducing risk of 

total debonding. 

 

Safety Impact:  Minimal - Bubbles in Kapton foil heaters could have caused localized 

debonding, localized hot spots, and eventual heater failure.  Corrective action was implemented 

to eliminate these concerns.   

 

Status:   
 

SUPPORTING DOCUMENTATION: (follows) 

 
Figure A18-1  Example of covering heater with Kapton Foil Tape (Process incomplete for 

photo.) 
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19.  AMS-02-A19 – Cleanliness of inside of the Superfluid Helium Tank 

 

Description of Event:  During the final cleaning of the Superfluid Helium Tank, higher than 

expected particulate count was found inside the tank.  Although the plan was to clean out the 

inside of the tank only a few times using clean isopropyl alcohol, the cleaning process took 40 

flushes 

 

Corrective Action:  Flush the tank with isopropyl alcohol until the particulate count was within 

the specification.  Review this process and results with outside experts, Lou Salerno and Peter 

Kittel, from NASA Ames Research Center. 

 

Safety Impact:  None 

 

Status:  Closed 

 

SUPPORTING DOCUMENTATION: (follows) 
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20.  AMS-02-A20 – Deviation from documented procedure for Installation of MLI Pins 

 

Description of Event:  During installation of MLI pins on the AMS-02 lower USS-02, the 

process for removing anodization on aluminum surfaces was altered due to the difficulty using 

documented process.  Rather than a slow abrading process a sharp implement was used to 

“score” the area in a grid-like pattern. 

 

Corrective Action:  This revised process is based on the process used on the EuTEF payload, 

however as this was a deviation from AMS-02 documentation, it was required by the AMS-02 

Safety Engineer that each pin be validated to be properly secured with this process (20 pins) to 

qualify this process on the prepared AMS-02 anodized surface.   

 

Calculated load on a pin from the installed MLI blanket was established to be no more than 2 kg 

per pin with a 2.0 factor of safety applied.  Testing loads for tensile and shear testing was 

established from this number to be 4 kg of load to assure that the pins are well secured.  Previous 

qualifications for these pins adhered to an alodined surfaces were shown good to a 10 kg load, 

but this greatly exceeds the need of the AMS-02 application so testing to this level again was no 

deemed necessary. 

 

Safety Impact:  Potentially the adhesion of the MLI pins would be inadequate to secure the MLI 

to the AMS-02.  With testing, no issue. 

 

Status:  Closed.  Wednesday November 28, 2007 the pull test on all twenty installed pins were 

made to a minimum loading of 4 kg in tension (along the axis of the pin) and shear (a lateral 

force applied to the pin above the adhesion plane).  All installed pins passed this test and were 

deemed adequately installed.  This test was considered evidence that any future installation of 

pins that may support MLI loading per pin of 2kg or less based on a 10g acceleration condition 

would be enveloped and acceptable using this installation technique. 

 

SUPPORTING DOCUMENTATION: (follows) 
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Tension Test Example 

 
Shear Testing Example 
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